Abstract-Maskless patterning of aluminium has been achieved by using visible light from a copper bromide vapor laser for pyrolytic decomposition of trimethylaluminium (TMA) and trimethylamine alane (TMAA). A silicon monocrystalline wafer was used as a substrate. The deposition was carried out at different process parameters (partial pressure of the precursors, laser power and scanning speed). The analysis of the resultant stripes included scanning electron microscopy, Auger electron spectroscopy, Talystep and electrical resistance measurements. The crystalline structure of the layers showed well-defined grains for both precursors. The Auger electron spectra indicated pure aluminium layers with small quantities of oxygen and carbon for stripes deposited from TMAA while those obtained from TMA were more contaminated. The difference in the layers composition for the used precursors resulted in their resistivity values. The low resistivities of aluminium stripes deposited from TMAA (up to 4.0 pC2.cm) makes it promising precursor for metalization with aluminium and especially for chemical vapor deposition enhanced with pulsed visible laser.
Introduction
Metal organic chemical va or deposition (MOCVD) has become a successful competitor to the classical sputtering method'for aluminium deposition 11. New approach in this technolo out the possibility of using laser beam whlch is a k le to draw micron-sized metal p eatures.
However for laser chemical vapor deposition (LCVD) to become widely applicable, the recursors should cleanly decompose to high-purity metal, and to be eas to handle and volatile. Trialkyl aluminium compounds are widely used precursors for MO&D of aluminium and compound semiconductors [2, 3] and for LCVD of A1 41. These aluminium alkyls have a disadvantage which concerns the incorporation of car b on in the growing layers. As an alternative to the use of trialkyl alumintun compounds recently new aluminium precursortrimethylamine alane (TMAA was reported. It is excellent aluminium source for epitaxial " " " f of high quality 111-1 compounds [5-71 and for deposition of pure metal for microe ectronic applications . TMAA is an exciting source for LCVD of aluminium although this issue is treated in a fewer papers using cw visible laser (Ar+) [12] . This precursor offers some advantages over the common alkyl aluminium sources of being less air sensitive, having simple decomposition pathway and decomposing at tem eratures below 1200C. TMAA has a room temperature vapor ressure of 1 Torr which affor s high deposition rates without P ' f heating the source or transfer mes. La ers of 111-V compounds and aluminium grown using TMAA showed great1 reduced levels olcarbon and oxygen contamination [5, [7] [8] [9] [10] 121 . This is due to the absence o f direct Al-C bond in its molecule, relatively weak donor-acce tor bond between Al and N and simple decomposition pathwa . From the other siie oxygen contamination is suppressed by the formation of invoratile Al-OH species and by the high surface atomic hydrogen concentration.
In our previous works we faced the described disadvantages of using TMA as a precursor for LCVD of aluminium stripes [13] [14] [15] . This has motivated our research mto application of TMAA a l
for pyrolytic laser deposition of uminium by pulsed visible (copper vapor) laser. Such laser offers high repetition rate and tremendous power flux for the time of a single pulse (several hundred GWIm2 [16] . In the present work we tried to compare both precursors (TMA and TMAA) for LC vb of aluminium.
Experimental
TMAA was synthesized according to the ublished procedures from trimethylamine hydrochloride and lithium aluminium hydride in $ethyl ether 117-191. It was purified by vacuum sublimation into a cold trap and handled under a Ar atmosphere. The infrared spectrum and the melting point agreed wrth those in the literatur$f17-19) The expermental set-up for LCVD of aluminium is given on Fig. 1 . Fig.1 . Schematic of the experimental set-up for LCVD 1 -pulsed visible laser; 2 -laser beam; 3 -beam splitter; 4 -optical shutter; 5 -mirror; 6 -observer; 7 -optical filter; 8 -power meter; 9 -lens; 10 -uartz window; 11 -wafer holder; 12 -cell; 13 -heater; 14 -thermocouple; 15 -steppin stage; 1 : -temperature control unit; 17 -mass spectrometer; 18 -computer control m t ; f 9 -pressure gauge; 20 -heating tape; 21 -turbomolecular pump; 22 -gas supply; 23 -granite table; 24 -flexible vacuum connection; 25 -metalorganic precursor
Results and discussion
The rofde of the deposited material approximately follows the laser beam power distribution. careful evaluation of the eometric ammeters was necessary for the further calculation of the resistivity. As shown on 6ig.2 and kg.3 the height of the stripes deposited from TMA and TMAA decreases with increase in the scanning speed. This is an expected effect due to the decrease in laser exposure time and surface temperature [20] . Higher laser power results in increase of the stripes height due to the rise of surface temperature. The decomposition temperature of TMAA is rather low (approximately 100oC) and probably the surface temperature is above this value for the whole range of scanning speeds used in this work. Another point of view for explanation of higher laser ower -a dip in the midb;e of the stripe occurs. This "volcano" effect could be caused by difrerent reasons discussed in details by Moylan et a1. [24] .
The element analysis of the deposits from TMA and TMAA were obtained by AES and the depth profiles of the basic elements (aluminium, carbon, oxygen and silicon) are shown on Fig.7 (a) and (b). written aluminium stripes using TMA and TMAA was probably due to the unconventional way of precursors decom osition caused by pulsed laser irradiation and secondary reactions of the 9 products. It was co irmed by in situ mass spectrometric studies of gaseous phase composition during the deposition process [14, 25] . Our results for elemental anal sis of aluminium grown from TMAA differ from those reported by Baum et al. [12] 
